Introduction
Salmonella serotype Eimsbuettel (antigenic formula 6,7,U:d:l,w) was first isolated in 1959 from imported North American blood meal at the Veterinary Research Institute in Hamburg and was named after a district in that city [l] . Eimsbuettel is closely related to serotype Livingstone (antigenic formula 6,7:d:l,w) [2] , from which it differs only in cell-wall antigen 014, synthesised after lysogeny by bacteriophage @ 14 [3] .
In the UK, isolations of serotype Eimsbuettel, like those of Livingstone [4-61, have usually been made from food animals and feed products. Thus, 14 incidents of Eimsbuettel infection reported in statutory animal species in England, Wales and Scotland from 1977 to 1994 involved fowls (nine incidents), pigs (four) and sheep (one) [7, 81 . Isolations of Eimsbuettel from human sources also occur infrequently; e.g., only 22 sporadic human cases of Eimsbuettel infection were recorded in Scotland in 1987-1992 (Mr D. S.
Nevertheless, Eimsbuettel and Livingstone, although generally uncommon in the UK, have caused large outbreaks of human infection in Scotland. An outbreak of Eimsbuettel infection in a Glasgow hospital in 1986, involving newborn babies, their mothers and members of staff, was spread by rectal thermometers [9] . Again, serotype Livingstone was the third most common Salmonella isolated from human cases of salmonellosis in Tayside in 1989-199 1 [ lo] . Thereafter, it spread to other regions of Scotland [ 10, 1 11.
Because Eimsbuettel and Livingstone are isolated so infrequently in the UK, no phage-typing schemes have been developed for primary strain discrimination of these relatively new serotypes. Accordingly, a multiple typing scheme, based on both phenotypic and genotypic properties, was developed successfully for Livingstone strains [ 121. The same typing methods were used in this study to identify relationships among strains of Eimsbuettel from diverse sources in Scotland and other countries.
Materials and methods
Ribotyping of Salmonella Eimsbuettel 
Results

Biotypes of Salmonella Eimsbuettel
All of the 100 isolates of Eimsbuettel produced gas from the fermentation of glucose and, when tested by the methods outlined before [ 121, gave consistent results in fermentation and utilisation tests with the following carbohydrates: all positive for L-arabinose, 
Ribotypes of Salmonella Eimsbuettel
Of the five different ribotype patterns (ribotypes) detected among Eimsbuettel isolates (Fig. 1 ), four ribotypes (RTs 1-4) had been previously recognised among Livingstone strains [12] . In this series, 99 isolates of Eimsbuettel were distributed as follows: RT1 (55 isolates), RT2 (17), RT3 (25) and RT4 (2) ( Table 2 ). The remaining isolate belonged to a ribotype, designated RT6 (Fig. l) , which differed from RT1 in its pattern of low-mo1. represented among the 100 Eimsbuettel isolates analysed in this study.
The combined use of biotyping and ribotyping provided additional discrimination of serotype Eimsbuettel by identifying two different subgroups within each of the ribotypes RT1, RT2 and RT3 (Table 2 ).
The following ribotype/biotype combinations were observed: RT1 /BT3 (54 isolates) and RT1 /BT8 (1); RT2/BT1 (14 isolates) and RT2/BT3 (3); and, RT3/BT5 (10 isolates) and RT3/BT6 (15) ( Table 2) . Each of the ribotypes RT4 and RT6 comprised isolates of only one biotype (Table 2) .
Plasmid projles of Salmonella Eimsbuettel
Of the 100 isolates examined, 86 were plasmid-free. Among the 14 that carried plasmids, there were 11 different plasmid profiles (Table 2) , nine of which were represented by a single isolate. Again, only three of the 54 isolates of the largest ribotype/biotype group (RT 1 /BT3) carried plasmids: two of these were poultry isolates from 1990 carrying plasmids of 120, 25 and 8 kb with, or without, another plasmid of 80 kb (Table 2) . Restriction fragment analysis showed that the 110-kb plasmid carried by a human isolate of RT2/ BT1 (from 1990) and the 120-kb poultry isolates of belonged to seven distinct ribotype/biotype groups. The isolate from a rectal thermometer implicated as the vehicle of infection in the hospital outbreak was, like the majority (30 of 31) of human isolates involved in that outbreak, plasmid-free and of RTl/BT3; 10 of the Scottish isolates from poultry (7), pig (1) and environmental sources (2, (1986) (1987) (1988) (1989) (1990) (1991) (1992) were also of RT 1 /BT3. The remaining two poultry isolates belonged to RT2/BT1 (a type observed among human isolates in 1990) or RT3/BT5 (a type recovered a few years later from man) ( Table 3) . ...
RT6/BT3 All 1 100
-RTl/BT3 (from 1990/1992) were variants of one another (data not shown). Plasmids of 30 kb present in isolates of RT2/BT1, from meat/bone meal and animal feed in England in 1986 and Scottish poultry in 1990, were shown to be identical; so too were the 9-kb plasmids in RT3/BT5 isolates from two members of the same family (Table 2) .
Most (21) of the 23 isolates of Eimsbuettel from animals or animal feed supplements in Australia, Canada, France and Israel belonged to RT3 and to two distinct biotypes: BT5 (six isolates) and BT6 (15). These biotypes differed only in their reactions in Stern's glycerol medium (positive in BT5 and negative in BT6). RT3/BT5 was, therefore, the only group of which representatives were found among isolates from all six countries (Table 3) .
Isolates from man
Among 54 isolates from human cases in Scotland, four distinct ribotype/biotype groups were found (Table 3) . Of the 31 isolates from 22 persons associated with the Glasgow hospital outbreak in 1986, 30 belonged to the same ribotype/biotype group, i.e., RTl/BT3, and were plasmid-free; the remaining isolate, obtained at the time of that outbreak, was also of BT3 but belonged to RT6, a ribotype similar to, but distinguishable from, RTl (Fig. 1) .
Of the remaining two isolates, one, from a cat in Canada, belonged to RT4/BT5, a type that had also been isolated from a human source in England (see above); the other isolate, from poultry in France, belonged to RT1 /BT8, the predominant group among isolates of serotype Livingstone in Scotland [ 121. Of the 23 isolates from sporadic cases and family incidents in Scotland from 1977 to 1993, i.e., before and after the hospital outbreak, 12 that were isolated from patients in the east of Scotland also belonged to the RTl/BT3 group. The remaining 11 isolates from sporadic cases in the east of Scotland belonged to two distinct ribotype/biotype groups: nine that were isolated between 1977 and 1990 belonged to RT2/BT1 and only one of these (from 1990) carried a plasmid (1 10 kb); two isolates, from 1992 and 1993, belonged to RT3/BT5 (Table 3 ). The only other human isolate in this series (England, 1992) 
Isolates from non-human sources
The other 45 isolates in this series came from diverse non-human sources in six countries ( 
Discussion
It has been recommended that the names of Salmonella serotypes that are phage-convertible variants of extant serotypes should be suppressed [ 151. Thus, in the most recent list of Salmonella serotypes in the KauffmannWhite diagnostic scheme, the serotype name Eimsbuettel has been deleted; isolates with the antigenic formula 6,7,U:d:l,w are designated as 014+ variants of serotype Livingstone which, in turn, is now designated as 6,7,U:d:l,w [15] . However, not all reference laboratories follow that recommendation; for example, both Salmonella Reference Laboratories in the UK (LEP at CPHL, London, and SSRL in Glasgow) continue to identi6 these two serotypes independently. We have followed their practice in this paper with the name Eimsbuettel being used to identify isolates of antigenic formula 6,7,U:d:l,w.
A previous study investigated the epidemiology of strains of serotype Livingstone, particularly those from Scottish sources and, by a combination of biotyping, ribotyping and plasmid profiling, showed that an epidemic strain of Livingstone of ribotype 1 /biotype 8 and that carried a 6.5-kb plasmid caused the majority of cases of human salmonellosis that occurred in Tayside in 1989 Tayside in -1991 . Isolates of that same type were responsible for sporadic cases in other parts of Scotland, particularly in Grampian region [ 121. The presence of Livingstone isolates of identical type in poultry indicated the likely vehicle of human infections in Scotland [12] , but the particular risk factors contributing to such a large outbreak in Tayside patients were never established [ 111. In addition, the finding that isolates from certain animal feeds in England were identical by all three typing methods suggested that contaminated poultry feed provided the vehicle for entry of Livingstone into the human food chain [12] . Strains of Livingstone of RT1 /BT8 from other countries had plasmid profiles different from that of the Scottish epidemic strain [ 121. In all, nine other ribotype/biotype combinations were noted among isolates from diverse sources, including man, in other countries [ 121.
The success of the multiple typing approach with Livingstone strains encouraged its use with strains of the closely related serotype Eimsbuettel which, like Livingstone, has been responsible for sporadic cases and a major outbreak in Scotland over the years [1977] [1978] [1979] [1980] [1981] [1982] [1983] [1984] [1985] [1986] [1987] [1988] [1989] [1990] [1991] [1992] [1993] . All isolates were typeable by biotyping (five types) and ribotyping (five types) and a total of eight ribotype/biotype groups was distinguished. Among isolates of Eimsbuettel from patients in Scotland, three major ribotype/biotype combinations were identified. The principal one was an epidemic strain of RTl/BT3 which was responsible for all human cases in the west of Scotland over many years, including those in a hospital outbreak. Although the hospital outbreak was associated with incorrect use and disinfection of rectal thermometers, it is possible that the outbreak strain was introduced into the maternity hospital by the index mother whose baby was the first born of the neonates affected [9] . RT 1 /BT3 was not represented among isolates from sources outwith the UK.
Isolates from patients in the east of Scotland did not belong to RTl/BT3, but to two other types which were present at different periods: RT2/BT1 between 1977 and RT3/BT5 during 1992 -1993 Isolates from poultry in Scotland also belonged to these same three groups, RTl/BT3, RT2/BT1 and RT3/BT5, implicating it as the likely vehicle of human infections. The existence of three distinct poultry types in Scotland, and their geographical distribution with time, is of considerable epidemiological interest. Strains of RT3/BT5, which were obtained from donors in all six countries, were associated particularly with meat or bone meals. Inadequate rendering of these products is a recognised risk factor in the transmission of salmonellae to animals and man [ 161.
Plasmid analysis provided further type differentiation in only a few cases. Thus, restriction endonuclease digest analysis showed that the 30-kb plasmids present in isolates of RT2/BTl from meat and bone meals and from animal feed from England in 1986 and then from Scottish poultry in 1990 were identical (data not shown), indicating possible routes whereby Eimsbuettel had the potential to enter the human food chain. Furthermore, plasmid analysis revealed that nucleotide sequences in 120-kb plasmids from poultry isolates of RTl/BT3 were also present in a 1 10-kb plasmid carried by an isolate of RT2/BTl from man (Table 2) . Thus, two distinct lineages of these related plasmids existed or horizontal transfer of plasmids between these two distinct ribotype/biotype lines had occurred.
Unlike Livingstone, which is commonly found in the top 10 list of Salmonella serotypes from poultry in Scotland [17] , Eimsbuettel is responsible for few incidents in fowl (only nine fowl incidents were reported in the UK in the 18-year period 1977-1994 [7, 81 ) and yet there is little doubt that it is a poultryassociated Salmonella serotype. First, examples of all three ribotype/biotypes associated with human Eimsbuettel infection in Scotland were also present in poultry. Second, a study of the epidemiological relationship between salmonellae isolated from poultry meat and sewage effluents at a long-stay hospital in Scotland showed Eimsbuettel to be the seventh most commonly isolated Salmonella from raw chicken carcases, a position much higher than that of Livingstone [18] which is associated with more human infections than Eimsbuettel. In that study, isolates of Eimsbuettel were isolated coincidentally from both chicken carcases and sewage effluents at the hospital, although no patients were known to be infected with either serotype during the time of the study in 1988-1989 [18] . Rectal thermometers were the likeliest vehicle of infection in the Glasgow hospital outbreak, a consideration confirmed by finding that a thermometer isolate was of the same multiple type as the epidemic strain, but the source of that Eimsbuettel strain remains unclear. Although it might have been imported to the hospital by the index patient in the outbreak, a source such as raw chicken carcases within the hospital cannot be discounted .
The likely source of Livingstone strains responsible for human infections in Scotland was poultry, for isolates from both poultry and man were of the same type, RTl/BT8, and carried a 6.5-kb plasmid [12] . Findings from the present study showed that poultry was also the likely source of strains of all three ribotype/biotypes of Eimsbuettel detected among patients in Scotland. In their study of Livingstone strains, Katouli and colleagues [ 191 used biochemical fingerprinting by the PhP system [20] to characterise isolates and found that those from man were quite unlike those from animals and animal feedstuffs; accordingly, they suggested that the latter were unlikely sources of human gastroenteritis in Sweden. One possible explanation for that negative correlation may be that their two collections of strains were incompatible. Thus, the 45 strains from animals and feedstuffs were isolated in Sweden during 1987-1992 whereas the 34 epidemiologically unrelated isolates from sporadic cases of human gastroenteritis had been isolated in 1990-1992 in 10 countries worldwide; thus, only 10 of 34 isolates were from human patients in Sweden and 24 came from nine other countries [19] . By contrast, most of the isolates of Livingstone (68%) in our previous study [12] and of Eimsbuettel (67%) in the present study came from diverse sources in Scotland which may have assisted the epidemiological analysis. Again, it is not clear whether the study of Katouli et al. [19] included isolates of both Livingstone and its 014' variant (i.e., Eimsbuettel) which differ in their biochemical activity.
The present problem with regard to the nomenclature of Salmonella serotypes causes confusion and makes comparison of the results of studies in different countries difficult. For example, in the present study, all isolates from Australia were received as Livingstone [21] and yet were 014+, i.e., they were isolates of Eimsbuettel. It is important, therefore, to resolve the nomenclatural problem to facilitate international comparisons of salmonella-associated diseases. It could, for example, be suggested that names of apparently related serotypes of Salmonella be retained until detailed studies have resolved their genetic relatedness.
